• We estimate the income-elasticity of methane emissions per capita.
Introduction
Methane is the second largest greenhouse-gas contributor to global warming. There is evidence of a strong, mostly coincident linkage between methane emissions and global temperature trends (Estrada et al., 2013) .
1 Yet, the literature analyzing the socioeconomic factors driving anthropogenic methane emissions is scarce. Existing studies are cross-sectional (Burns et al., 1997; Rosa et al., 2004; Jorgenson, 2006) , leaving room to omitted variable bias, or cover only a small set of countries using unbalanced panel data (Jorgenson and Birkholz, 2010) . They do not account for the potential endogeneity of key variables such as economic growth, and focus only on production-based emissions. However, the link between national production and consumption patterns has been weakened by the recent trend of globalization of production chains (Baldwin and López-González, 2015) . We estimate the relationship between economic development and methane emissions embodied in production, final production, and consumption using a new dataset recently developed by Fernández-Amador et al. (2017b) . We evaluate the socio-economic determinants of methane footprints using balanced global panel data covering 78 regions (comprising 178 countries) for five years from 1997 to 2011. We explicitly allow for non-linearities and account for potential sources of endogeneity. Because the warming potential of methane during 1997-2011 is equivalent to about 80% of that of Carbon Dioxide (CO 2 ) from fossil fuel combustion when computed over a 20-years period (Fernández-Amador et al., 2017b) , understanding the socio-economic drivers of methane footprints is essential for guiding environmental policy.
Econometric model
We estimate piecewise-linear regression models in which the threshold is endogenously estimated (Hansen, 1999; Caner and Hansen, 2004) and test them against models without threshold (Hansen, 1996 (Hansen, , 1999 .
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The econometric model is specified as
E it is annual (logged) methane emissions per capita of region i in period t, alternatively from production, final production, and consumption inventories. y it is the logarithm of real GDP per capita (PPP adjusted), a it is a dummy for Annex I membership to the Kyoto Protocol, t it measures trade openness, and Z it is a vector of controls. and τ m = q max it . After double-demeaning cancels ν t and µ i , threshold estimation is implemented through a grid search, where the range of q it is restricted such that at least 15% of the observations lie in any regime in order to avoid regimes with too few observations. The parameters are estimated by constrained OLS (see Hansen, 1999) .
We also account for potential endogeneities by instrumenting current income with 3-year lagged income, and Annex I membership with the ratification of the Rome Statute of the International Criminal Court (ICC). Regime-specific effects of income are instrumented using regime-specific terms for lagged income.
3 The instrumental variable (IV) threshold models are also estimated through a similar grid search, using 2-stage generalized methods of moments (GMM; see Caner and Hansen, 2004) .
2 We first estimated linear and polynomial specifications. Polynomial models including a squared income term did not provide evidence for a polynomial relationship between income and emissions (see online appendix). Thus, we estimated threshold specifications, keeping only control variables that were statistically significant in the linear models. 1997, 2001, 2004, 2007, and 2011 . The other variables were sourced from the WDI database (GDP per capita, population density, fossil fuel rents, urbanization), the GTAP database (trade openness, food exports, fossil fuel exports), Polity IV (political regime), the HDI database (development categories), and the UN Treaty Collection Database (ratification of the Annex I of the Kyoto Protocol, and of the Rome Statute of the ICC).
Results
The results in Table 1 provide evidence for the existence of a threshold effect in all three emission inventories. All detected thresholds are statistically significant and well defined, as indicated by their rather narrow confidence intervals.
The positive relation between income and all three emission inventories slightly decreases in magnitude when moving from the first (low) to the second (high) income-regime. The thresholds that separate these regimes correspond to a log-income level of about 10.4 (33,000-34,000 PPP$). The difference in income elasticities across regimes is highly statistically significant (see Wald tests) but of small magnitude (about 0.01 percentage points), indicating that the methane-efficiency gains from economic growth are very limited.
The income-elasticity of methane emissions is highest for the consumption inventory-a one-percent increase in income per capita is connected to a 0.31-0.33 percent increase in consumptionbased emissions. The income-elasticity of methane embodied in final production lies between 0.25-0.30, while the elasticity of production-based methane is the lowest (0.19-0.27). Thus, our results provide evidence for relative decoupling: an increase in income is connected to a less-than-proportional increase in emissions.
Annex I membership does not significantly affect methane emissions contained in production, while it is connected to a higher methane content of final production and consumption. Trade openness is associated with higher methane emissions from territorial and final production, what, together with the results for Annex I membership, is consistent with the hypothesis of methane leakage. Finally, higher fossil fuel rents as a share of GDP are connected to lower emissions from territorial and final production. An analysis of the specific effects of the three sources for fossil fuels (oil, gas, coal) showed that this effect relates only to rents from oil and gas production. This may point to a sectoral composition effect resulting from the high specialization of the countries producing oil and gas. This result deserves further exploration in future research. All the other controls were statistically insignificant. 
Conclusion
Discussions on climate change mitigation have been accompanied by extensive research on CO 2 emissions, whereas empirical evidence on the socio-economic drivers of methane is limited and a theoretical framework is missing. Our study unveils important empirical differences between methane and CO 2 (see Fernández-Amador et al., 2017a, for comparison) . First, the income-elasticity of methane per capita is two to three times smaller than the income-elasticity of CO 2 per capita, suggesting that regulations aimed at reducing methane emissions do not necessarily compromise economic growth targets. Second, methane emissions embodied in (final production and) consumption are higher in Annex I members, whereas CO 2 consumption-based emissions are not affected by Annex I membership. Finally, unlike for CO 2 , higher rents from fossil fuels as a share of GDP are related to lower methane emissions from territorial and final production, whereas a higher population density is not related to lower methane emissions per capita.
To be effective, environmental regulation must address the responsibility for emissions, taking into account the particularities of methane. Research should develop a theoretical framework on the relationship of economic growth and methane emissions that encompasses our findings.
